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Introduction
A common theme in physics education research is the overwhelming evidence that students tend to learn more when they are actively engaged in the learning process [1, 2] . Students enrolled in interactive-engagement (IE) courses show greater normalized gains in conceptual understanding (as measured by tests like the Force Concept Inventory [3] ) than their peers enrolled in traditional courses [1] . Arguments have been made that IE students have better retention of material [4] while achieving the same, if not better, problem solving skills [5] . Indeed, the results have been so convincing that high schools and universities across the country have already adopted, or are moving to adopt, their own version of an IE course [2, [6] [7] [8] [9] [10] [11] .
The Department of Physics and Astronomy at San José State University (SJSU)
is engaged in the preliminary stages of adopting an IE curriculum for its introductory physics courses. Like most universities, many of SJSU's laboratory sections of these courses are currently taught by graduate student teaching assistants (TAs). Being a terminal master's program, the pool of available TAs is generally in flux, providing approximately three years of teaching experience for any given TA. Although much has been studied examining TAs in an IE environment [12] [13] [14] [15] there has been little study of graduate students in a laboratory teaching environment such as ours. Additionally, while much has been written about how best to train and prepare TAs for their teaching duties [14, [16] [17] [18] [19] , remarkably little research has been to see exactly what they are in fact doing during their teaching assignments in more traditional laboratory settings.
Much work has been done studying effective methods of preparation for TAs (and undergraduate learning assistants) in a Studio Physics environment [18] [19] [20] .
However, our labs are not of the "studio" nature. In the case of our calculus-based freshman mechanics course, the lab section is largely traditional. Students work from a lab manual with a prescribed procedure, the result of which "validates" concepts ix or values described or derived in lecture. Students also attend a weekly problemsolving session. These "workshops" are meant to be time for students to work collaboratively in small groups to solve end-of-the-chapter-style physics problems.
Study of lab and workshop sections of this introductory course shows the state of a department in the very early stages of reform. The aim of this project is to develop this baseline of data showing what our TAs may "default to" with little to no intervention. This information will be analyzed by class format and then be compared to best practices from current literature.
x Chapter 1 Background
Motivation
Some teachers advocate for the practice of asking students how they think they learn best and trying to adapt their teaching methods to suit student preferences.
Unfortunately, students tend to prefer a passive learning environment and even think they learn better in it [12] . Despite this preference, Koenig, et al. found that students performed significantly better on post-tests in an IE setting lead by a TA than in a lecture delivered by a professor. This result is so prevalent that the majority of the literature involving the study of TAs occurs in an IE setting [8, 13, [20] [21] [22] . Despite varying beliefs about teaching, TAs tend toward similar teaching behaviors in the classroom [15] .
Goertzen, et al. suggest that TA "buy-in" to reformed instruction is a necessary component of effective curriculum implementation and that detailed understanding of TA beliefs and motivations can only improve TA professional development [14] . It is important for any department employing TAs, regardless of what stage of reform they are in, to tailor their professional development to meet the needs of their TAs.
Providing TAs the opportunity to express their beliefs and opinions about teaching allows for responsive professional development [23] . Much as we hope to build on productive seeds of physics knowledge in our students, we should be observing our TAs' teaching so that we can see and encourage beliefs and practices that are more aligned with reformed physics instruction.
Studies have found considerable variation in how TAs interact with their students [14, 24] , even when the TAs are provided with extensive notes about the curriculum [25] . Even different instructors' implementations of the same reform strategies have shown striking differences [26, 27] . Not only is it important then to observe the TAs to improve professional development offerings, but also to examine how a curriculum is being interpreted by the TAs and deployed to the students.
Observations of TAs provides an opportunity for the department to examine curriculum and make any needed improvements, from use of equipment to lessons as a whole.
Guiding questions
For courses where the interactive sections (labs, tutorials, and/or workshops) are mostly taught by graduate student teaching assistants, good TAs are instrumental to the success of the reform [12] . Consequently, TA professional development is crucial to successful reform.
Before developing a robust professional development program that is targeted to the needs of our TAs, we first need to know where they are starting out. Therefore, it is imperative to observe their interactions in their teaching assignments. These observations will serve to show what practices TAs may "default to" with little to no intervention, providing a snapshot of the department in the early stages of reform.
This study was envisioned to answer the following questions.
• What teaching practices are currently being used by our TAs?
• How are the current teaching practices split by format?
• How do these practices compare to what is currently being done by similar departments and institutions?
• How do these practices compare to what physics education research tells us are the most effective practices?
I will compare the teaching practices in use in our different lab and workshop courses.
Answers to these questions will provide a baseline of information to further the ongoing conversation in the department about improving instruction in the introductory physics series.
Observational tools
Education research has yielded a number of tools for measuring the degree to which a course or instructor utilizes interactive and student-centered techniques. One such tool for this is the Reformed Teaching Observation Protocol (RTOP) [28] .
With sufficient training, an RTOP observer rates the instruction of a given lesson on the topics of lesson design, content, and classroom culture using a Likert Scale.
In our case, the TAs teach from a prescribed lab manual without the freedom to design the labs according to the specific needs of their students. Only the prompts concerning classroom culture would provide insight into the TA's role in the classroom. These prompts account for only ten of the twenty-five items, with only five directly concerning TA-student interactions. How TAs choose to interact with their students is the most overt choice of teaching practice available to them. And while the RTOP encourages documenting events to justify the ratings, as a tool, it doesn't provide the level of resolution for our needs, with only five of the twenty-five items offering insight into TA-student interactions.
For our needs, a more useful observational protocol would provide detail into how TAs and students are spending their time in the classroom without judging the effectiveness of any specific pedagogic strategy. A team at the University of Maine and the University of British Columbia developed the Classroom Observation Protocol for Undergraduate STEM (COPUS) to do just this [29] . The COPUS was developed as a modified version of the Teaching Dimensions Observation Protocol (TDOP) [30] . The team found that the TDOP required too much training and offered too many codes to fit their specific needs. The COPUS is simplified to code what both the students and the instructor are doing at two-minute intervals into 25 possible activities and interactions, twelve for students and thirteen for instructors.
Completed analysis of an observation yields two pie charts showing the prevalence of each code for both students and instructors. The individual codes of the CO-PUS reveal that the protocol is designed to code nonlaboratory-style courses. The majority of the codes would be of little use in a laboratory or workshop setting.
Researchers at UC Davis originally developed a tool for monitoring and classifying instructor-student interactions [25] [25] . The instructor can perform each subcategory of interaction with an individual student, a small group of students, or with the whole class.
Interaction-type, start time of the interaction, and duration of the interaction are all logged in real time, providing a full picture of TA-student interactions for the duration of the class period.
Sample and Environment
For this study, observations took place in two distinct TA-led course types: introductory physics labs and introductory physics workshops. The lab sections are fairly traditional, with students following a prescribed procedure to achieve a result that is then compared with the theory developed in the lecture course. Workshops were instituted to provide students an opportunity to work in small groups to solve end-of-chapter style problems and present their solutions to their classmates.
Learning outcomes for the laboratory section include the ability to "solve relatively complex mechanics problems in a systematic manner by applying the laws of physics and calculus" and "qualitatively describe the motion of objects using physics terminology and concepts." Each lab session meets once a week for two hours and fifty minutes. In lab, students work in small groups to complete an experiment and report their findings. Some of the courses require students to take periodic quizzes The introductory, calculus-based mechanics course at SJSU (Physics 50) has an optional-but-strongly-encouraged "workshop" component (Physics 50W). The workshops are modeled after workshops that have been used successfully in the Calculus 1 courses at SJSU as well as in physics courses at other universities. Students taking those workshops experienced a significant rise in course grades, and a significant decrease in the probability of failing, compared to those who did not take the workshops.
Workshops meet one a week for one hour and fifty minutes. Students work in small groups to complete a packet of physics problems. The intention is that students work together collaboratively to solve these problems on whiteboards, taking turns solving the problems and leading small-group discussions. The role of the TA in workshop is that of a facilitator: take attendance and help students solve the problem sets through hints and guiding questions. The TAs are provided with solutions to the problem sets, but problems are not graded. The TA merely notes that groups are making satisfactory progress. Workshops are limited to 24 students per section.
Roughly one-third of the Physics 50 lab meetings consisted of "problem solving sessions" wherein students were given a packet of physics problems to solve rather completing a laboratory exercise. These problem solving sessions are meant to be run in a similar manner to the workshop sessions. Students work with the usual lab group, working through a packet of physics problems. Typically, one or two problems of the set are turned in to be graded while the rest are offered simple as additional practice.
In order to teach a lab or workshop section, prospective TAs must complete an application with the department. They must also be a current Masters student in the Department of Physics and Astronomy with classified standing, must have an overall GPA of 3.0 or higher, and must be enrolled in three units or more at SJSU.
Prior to the first day of classes, TAs attend a one-day training touching on classroom management and grading policies as well as a brief overview of physics education research findings regarding pedagogy. During the training, TAs are instructed to ask the students leading questions about their reasoning rather than provide them with solutions or merely correct answers. TAs are assigned sections to teach according to departmental need and their own course schedule, at the discretion of the department chair.
The TAs that were observed were in their first or second year of graduate school.
For the most part, their teaching experience was limited to tutoring and previous lab or workshop teaching at SJSU.
As is common in many universities, students register for separate lecture and lab sections. A given lab section can therefore have students from multiple lecture sections taught by multiple lecture instructors. In the interest of consistency, TAs teach from a prescribed Lab Manual so that every lab section of a given course conducts the same experiment each week. Thus, some students entering their lab course on a given day may not have seen the material in their lecture section while other students may have. It is left to the TA to describe the requisite material for the day's activity as well as teach the students how to safely use the equipment to make adequate measurements. The TAs are also responsible for teaching sufficient data analysis methods for the students to make sense of the data they collect. This is often taught directly, in the form of a short lecture. During the course of the semester, TAs are observed at least once by the professor in charge of a given course's lab sections and provided with written feedback about their teaching.
Targeted questions
Working within the limitations of the RIOT, teaching assignments, and observation scheduling, the guiding questions laid out in Section 1.2 require some refinement.
The choice of the RIOT as my observational tool limits my observations to only things done by or with the TAs. My observations will completely bypass any work done by the students that does not directly involve the TA. It comes to a question of the intent of the course or TA: If the course is designed such that students work quietly in groups with little to no intervention from the TA (or if the TA structures the learning environment this way), the only way to capture this using the RIOT is through notes. The RIOT would log this time as Not Interacting for the TA even though the students are actively working and possibly learning. With that in mind, I can only effectively log the TA-student interactions listed in Table 1. 1. This leads to the first question I intend this study to address.
1. What TA-student interactions (as identified by the RIOT) do our TAs employ in their teaching assignments?
For the semester in question, Spring 2015, the majority of our TAs were assigned to teach at least the laboratory section of Physics 50 or the workshop section, Physics 50W. Some were also assigned to the laboratory sections of the algebra-based freshman mechanics course or the calculus-based freshmen E&M course, Physics 2A
and Physics 51 respectively.
My own schedule, coupled with the teaching assignments, allowed me to make very few observations in Physics 2A and Physics 51. These two courses are included in my overall results for completeness in answering the above question. Lacking a significant number of observations, I instead focused my analysis on the physics courses "for majors." Having observed the majority of the TAs assigned to both Physics 50 and 50W, it is apposite to examine these courses in more detail, leading us to ask the following.
How do these interactions differ in Physics 50 and Physics 50W?
A small number of my observations in Physics 50 were of "problem solving days."
Considering that on these days students were not working an actual experiment but rather working problem sets, one might assume these observations to be indistin- As instructors, we should always strive to make our courses the most effective they can be. With that in mind, we ask the following question. Eight sections of the Physics 50 lab were taught by a total of five TAs. I observed three of these TAs teaching four of these sections. Five sections of the Physics 50
Workshop were taught by four TAs. I observed three of these TAs teaching three of these sections. Only one TA was observed in both Physics 50 and 50W. A breakdown of these numbers is shown in Table 2 .1. It should be noted that I observed a single TA teaching the Physics 2A lab and another teaching the Physics 51 lab. To maintain anonymity, these observations are only included here and in the overall results (Section 3) and not discussed on their own. Also, there was some overlap by individual TAs teaching multiple courses so the "Total" numbers are not the sums of the course numbers.
Observations took place for the first hour of instruction. For those sessions that a quiz was administered at the beginning of the class, I extended my observation to include the hour of teaching time after the quiz had taken place. Aside from introducing myself and describing why I was present when asked, I did not interact with the instructor or the student during the course of the observation and no feedback was provided to the instructors about their teaching practice until the end of the semester when all my observations had been completed.
To maintain anonymity, each TA was assigned a pseudonym and all data were logged under these pseudonyms. I coded the observations using the RIOT.
Validity of measurements
Before beginning my official observations, I observed three classes with another researcher familiar with the RIOT. After each of the three sessions, we discussed the differences in our observations at length resulting in a near match for our third observation. After the third session, our observations showed an agreement of 88.5%.
Accounting for chance agreements, we saw a Cohen's kappa value of 82.5% [31] .
Even by conservative measures, these values are sufficient to establish the validity of my measurements.
Cohen's kappa
To determine these values, I wrote a python script to compare observations of a single class session taken by two different observers. For each observed interaction, the RIOT notes the start time and a duration, each with one second resolution. Using these, my script builds a time series of each observation show the clock time and interaction for each second of the observation. It then compares the two observations to find temporal overlap in the two. This way, the observers don't need to exactly synchronize the first interactions noted by their RIOT instance.
With a common start time established, the script goes through every second of the observations and constructs a matrix of what interaction each observer marked for every second, an example of which is shown in Table 2 .2. The diagonal of this matrix shows when the observations agree, with off-diagonals showing disagreement. Thus, to compute the number of agreements between two observations, one would simply compute the sum of the values along the diagonal. Equation 2.1 shows this calculation for n interaction types or an n × n matrix.
The percent agreement would then be this value divided by the sum of all the values in the matrix. Cohen's kappa goes a step further to exclude from the agreement any paired observations that may occur due to chance. To determine the number of agreements that may occur due to chance, one would compute the product of total number of times each observer marked a given category, summing over all categories.
Dividing this sum by the total of all values in the matrix yields the number of of chance agreements. 
It is important to remember that measurements of human interactions is inherently "noisier" than standard measurements in a physics laboratory environment. This means 55.2% of the time I spent observing the Physics 50 labs, the attention of the TAs was somewhere other than their students. Further, since I only observed the first hour of lab time, it is unlikely that students were working on completing their lab write ups, but rather actively collecting and analyzing data or working on Physics problems. I operated on the assumption that the TAs would be the most With over 70% of "Small Group" Time spent Not Interacting, it is important to breakdown this category into its constituent parts, as shown in Figure 4 .2b. In this plot, we see that much of the time is spent in the Administrative/Grading category.
A portion of this time can be attributed to TAs grading Proficiency Quizzes and entering grades into books or computers. Grading was shortly followed by TAs Out of Room to scan the graded quizzes on the computer in the adjoining prep room.
The total amount of time spent Out of Room is as expected and unremarkable.
Class Prep time is reasonably low. This too can be partly attributed to the Proficiency Quizzes. TAs tended to use Quiz time to prepare their lecture notes on the whiteboard. The Working on Apparatus/Material category appears to be reasonable at first glance. It should be pointed out that two or three of the nine observations took place during "Problem Solving Sessions." Since TAs are provided complete solutions to the problems and there is no equipment to malfunction during these meetings, it is possible that these sessions weigh the category lower than it would be for a pure laboratory observations.
It should be noted that the Proficiency Quizzes are designed to be quick and easy to grade, consisting of a single problem with upwards of four parts. TAs are provided with complete solutions. Judging by my observation notes, quiz grading can account for roughly five minutes the Administrative/Grading category.
After dissecting Not Interacting time, it is also instructive to examine the breakdown of "Small Group Time" in terms of actual lab time, as shown in Figure 4 .2c.
Here we see that, on average, TAs spent 7.9 minutes talking at students (Clarifying Instructions and Explaining Content). On the other hand, they spent only 4.8 minutes talking with students (Listening to Questions and Closed or Open Dialogue) and only 1.5 minutes Observing students working. The standard deviations in all the times spent interacting with students are comparable to the mean values. Interestingly, there was no Observing taking place during the problem solving sessions. Looking over the time series data for these two observations, it appears the TA gave a short lecture on the basic physics involved and a few problem solving strategies lasting seven to fourteen minutes and then proceeded to only interact with individual students when they approached with questions.
Physics 50W
Having only observed one TA for two problem solving sessions, I seriously doubt these observations would hold for the group of TAs as a whole. It follows then that more data needs to be collected here before we can attempt any generalization.
Chapter 5 Comparison to UC Davis
The body of research utilizing the RIOT is still in its infancy. As of yet, there exist few holistic studies examining graduate student TAs interacting with their students [24, 25] . Consequently, we have very few opportunities to compare data at our own institution to similar data at similar institutions.
A study at UC Davis examined their model-based CLASP course [7, 25] . The course is their "nominally calculus-based" introductory physics course. The interactive portion of the course, called "Discussion/Lab" (DL), has students work together in small groups to answer a series of activity prompts followed by a whole class discussion of the major points of the activity and explore general implications of the phenomena. Instructors, largely graduate students and a few faculty, are coached to guide students toward correct usage of the models rather than provide immediate answers. Effectively, the CLASP course is designed to be a more interactive hybrid of both the Physics 50 lab and workshop courses at SJSU. As such, we might expect some similarities in the spreads of interaction types.
The observations from West, et al. lasted around 140 minutes whereas my own were less than half of that. The following comparisons are normalized by total time in a specific mode. For example, Figure 5 .1 shows the range of "Small Group" interactions normalized by the total amount of time spent in "Small Group" mode for each individual observation. Figure 5 .2 shows the range of "Whole Class" interactions normalized by the total amount of time each observation spent in "Whole Class" mode.
Looking at "Small Group" time, it is clear that for both of the SJSU courses, the percentage of time spent Not Interacting is much higher than the Davis course. The When the TAs at SJSU are interacting with their students, they tend to spend more time "talking at" their students than "talking with" them. While Physics 50W
has a slightly higher median Closed Dialogue percentage, Listening to Questions is comparable across all courses. In both of the SJSU courses, the percentage of time spent Observing is far less than in the Davis course. Interestingly, Physics 50W
TAs tended to spend a higher percentage of their "Small Group" time Explaining
Content while Physics 50 lab TAs spent a lower percentage of their "Small Group" time Explaining. CLASP TAs fall neatly in between these two groups. They did tend to spend a larger fraction of this time Clarifying Instruction than TAs in both SJSU courses. This is likely due to the fact that the materials provided to SJSU students are far more explicit in their instructions for students compared to the DL materials provided to the CLASP students. Based on my observations, the Physics 50W course more closely aligns with UC Davis's CLASP course than the Physics 50 lab. Even so, the alignment shows more differences than similarities. While students in both courses at SJSU are engaged in their prescribed activities, they are rarely encouraged communicate their ideas through discussion with their peers or instructors, as evidenced by the small amount of time spent in Dialogue, even smaller amount of time spent Presenting, and the entire lack of Sharing Ideas. It seems fair to conclude that neither of the SJSU courses as they currently stand could fairly be classified as interactive courses.
TAs will require significantly more training and departmental support before either course will become more interactive. The data presented here illuminate many areas for potential growth. Future interventions and subsequent observations could easily be designed to target any specific deficiency already discussed.
Chapter 6
Alignment with PER-based best practices
The refrain common to much of PER is that IE classes are "better." Students tend to achieve significantly higher gains on common conceptual tests like the Force Concept Inventory (FCI) [3] , the Force and Motion Conceptual Evaluation (FMCE), and the Mechanics Baseline Test (MBT) [34] . A paper by Hake is frequently cited to show this is [1] . Looking closely at the data he provides reveals that there is a larger variation in the normalized FCI gains achieved in IE classes, ranging as low as the gains achieved in unreformed courses to much higher. Hake hypothesized that these variations may be due to variations in effectiveness of pedagogy and/or implementation. Subsequent research has examined implementations of a specific curriculum and found a similar range of gains [35] .
Lessons from Peer Instruction
In seeking to learn more about what variations in teaching practices exist and what effect they may have on student learning, a team at the University of Colorado at Boulder observed six of their faculty teaching six different introductory physics courses [27] using Peer Instruction (PI) [36] . Through their observations, they identified 13 different dimensions of practice (DoP) and measured significant variation in faculty application of these DoPs.
The DoPs are divided into two main groups, one for how the professor defines an academic task and another for student-professor interactions during the task. They noted little variation in how the six professors applied the first set of DoPs, citing similar choices in clicker question types (mostly conceptual questions) and approach to having students answer the clicker questions (allowing some quiet time for students to reflect on the question before discussing with their peers). They did however find significant variation in how the professors interacted with their students during the administration of the clicker questions. Only half of the professors "left the stage" while students worked on and discussed the questions. There was a large amount of variation in the professors answering student-initiated questions and engaging in discussion with the students. There was also a large variation in the amount of time allotted for students to answer clicker questions and how the answers to the clicker questions were discussed. Some instructors frequently asked for student explanations while other did so rarely. Similarly, some instructors discussed wrong answers occasionally while others did so rarely.
In analyzing their data, they identified a variety of scientific practices that they valued (shown in Table 6 .1), noting that a student's opportunity to gain experience in any of these practices varied significantly by instructor. They noted that all classrooms offered students the opportunity to try out and apply new physical concepts as well as discuss physics content with their peers. They identified "large discrepancies in students' opportunities to engage in formulating and asking questions, evaluating the correctness and completeness of problem solutions, interacting with physicists, identifying themselves as sources of solutions, explanations, or answers, and communicating scientific ideas in a public arena." 
Looking at our practices
While some of the scientific practices outlined in Table 6 .1 are not directly measurable by the RIOT, TA-student interactions can shed light on others. TAs are spending little time with student questions and discussions, opting to talk at their students more often than with them. This leads to few opportunities for students to "formulate and ask questions." Even in Physics 50W, students rarely presented their solutions to each other, leading to few opportunities for "evaluating the correctness and completeness of problem solutions," "beginning to identify themselves as sources of solutions, explanations, or answers," and "communicating in a public arena." Additionally, my observations have shown that students are not offered as much time to "interact with a physicist" as we might have assumed.
If nothing else, my observations may serve to inform our department and those at a similar stage of development. It is easy to assume that laboratory courses and workshops/tutorials are intrinsically interactive. Without proper training as well as departmental and curricular support, TAs run the risk of defaulting to "teaching how they were taught." As my data show, their teaching may lack the degree of interactivity desired.
Lessons from Modeling Discourse Management
In seeking a more student-centered classroom discourse, a two-year college teacher and PhD candidate at ASU developed Modeling Discourse Management for his PhD dissertation [37] . Much of his work is not directly applicable to our labs and workshops in their current state, but there is something to gain from examining the components of his discourse management style. Extensive reorganization of the courses and TA training would be required to address many of the components and, even still, the majority of these components are not directly measurable by the RIOT. Instead, we focus on those aspects that could be readily adopted into our own practices: seeding and inter-student discussion.
In a modeling classroom, new ideas are "seeded" by the instructor during small group time, often in the form of a question or a hint. Early in small group time, instructor then asks a leading question, or offers a hint, "so the group has time to work out details and gain ownership of the seeded idea." Seeding can be used effectively to stimulate broader participation in the whole class discussion. Quieter groups or students can be drawn into the discussion by seeding them with important ideas or questions to ask the group as a whole. Desbien goes on to say that one of his goals for his classroom is for inter-student discussion to be the dominant form of discussion, saying that "real discussions and real cognitive dissonance occur more frequently when students do not feel the pressure of an authority figure questioning their ideas." The results for the problem solving days appear to more closely align with Physics 50W than they do with lab days in Physics 50. The data set consists of only two observations of a single TA unfortunately. More data is needed before we can make any real conclusions.
How do our TAs' implementations of Physics 50 and
Physics 50W compare with available RIOT data from courses at UC Davis?
As seen in Figures 5.1 and 5. 2, TAs at SJSU have a stronger tendency to "talk at" their students than their UC Davis counterparts. They also spend more time Not Interacting. Our TAs will require significantly more training and curricular/departmental support to become more interactive. We should present them with professional development opportunities that emphasize the need for both Observation and Dialogue between TAs and their students.
Physics 50W compare with PER-based best practices?
Part of Hake's definition of Interactive Engagement called for "immediate feedback through discussion with . . . instructors" [1] . Looking at the results of my observations, it appears that our TAs may not be providing this immediate feedback due to the little amount of time spent Observing and the large amount of time spent Not Interacting. Koenig, et al. showed that students learn better working in small groups followed by Dialogue with a TA [12] . Again, in preparing professional development for our TAs, we would do well to focus on the need for both Observation and Dialogue between TAs and their students.
Future Work
I expected to see a fair amount of Not Interacting time, but I was still somewhat surprised at the amount I saw. To combat this, Dr. Paul and I planned a three hour "boot camp" for all TAs planning to teach in the semester of Fall 2015. For activities, the group compared and contrasted science and science teaching practices, read and discussed a paper from PER literature [12] , had a brief overview of some PER data (including some of the data from this study), and watched and discussed a pair of videos designed for physics pedagogy courses [38] . While that amount of time is by no means exhaustive, we tried to continually return the discussion to the importance of asking students questions to find out what they know as a means of interaction.
My main goal of the training session was to decrease the amount of time TAs spent not interacting with their students while simultaneously increasing the amount of time they spent both observing and engaging in dialogue. A simple follow up study conducting RIOT-based observations this and next semester could be done to see if this occurred.
It may also be beneficial to both TAs and the department to continue these observations. My biggest disappointment with this study is that I was never observed.
I imagine the data from a pair or even a single observation would be invaluable to the professional development of both new and experienced teachers. Further, the observations can continue to be used to guide the development of future TA training and pedagogy courses. These courses will be the most effective when they specifically target the needs as seen in the data.
